Severe degenerative myocardial disease occurred in female C3H/OUJ mice fed purified diets for 36 weeks; the diet contained 5% or 20% fat as non-hydrogenated soybean oil. Deaths of lactating females of this group (1 7/35 high fat diet and 7/35 low fat diet animals) were due to sudden cardiovascular collapse. Cardiomegaly with marked atrial and ventricular myocardial mineralization was seen at necropsy. Histologically, the random, myopathic foci were characterized by severe myocardial degeneration, mineralization, and fibrosis. Mural thrombosis, pulmonary arteriosclerosis, and mild myocardial inflammatory cell infiltrates were also present. Pathological changes were similar to those of dystrophic cardiac calcinosis, an incidental necropsy finding in certain mouse strains.
Dystrophic cardiac calcinosis (DCC) is a degenerative cardiac disease reported in certain inbred and hybrid strains of m i~e .~,~ The condition is characterized by myocardial degeneration, calcification, and fibrosis. Factors such as age,6J3 sex,6 train,',^,^.^ parity,6 infectious agent^,^ hormonal s t a t~s ,~~J~J * and diet1.2.8J1J3J9 are known to be important in the etiopathogenesis of the condition. The lesions are most commonly found in old breeder female mice which have been fed low protein, high fat diets. 6 Dystrophic cardiac calcinosis is generally an incidental necropsy finding in aged mice of genetically susceptible strains; congestive heart failure can result when the lesions are severe. 6 Reports of cardiovascular disease in mice are not as numerous as for other laboratory animals due to the difficulty in obtaining clinical data. Many murine cardiac conditions which have been studied are age and strain related and have not contributed significantly to morbidity and m~rtality.~ This report describes findings in a group of C3H/OUJ mice from a mammary carcinogenesis study in which dystrophic cardiac calcinosis caused significant mortality.
Materials and Methods
Two diets were formulated containing either 5% or 20% non-hydrogenated soybean oil as dietary fat (Table 1) . When the percentage of fat was increased, appropriate weights of sucrose and starch were removed, and the remaining constituents were adjusted to keep the calculated nutrient to calorie ratio constant. Rations were mixed once a month and stored at 4 C under nitrogen.
Seventy female and 36 male, 4-week-old C3H/OUJ mice (Jackson Laboratory, Bar Harbor, ME) were assigned to equal groups by sex and fed one of the experimental diets." They were individually housed in hanging, stainless steel wirebottomed cages in animal rooms on a 14 : 10 hour light-dark cycle. Starting at 6 weeks of age, two females were housed for breeding with a single male for 6 weeks in a polypropylene cage containing cellulose bedding. They were bred at 8 week intervals for a maximum of three pregnancies. Individual body weights were measured twice weekly. Beginning at 25 weeks of age, all breeder females were palpated twice weekly for presence and measurement of mammary masses. Female animals were killed when the presence of large mammary masses was associated with a 10% decrease in body weight. All remaining animals were killed at the conclusion of the experiment when they were 40 weeks of age. Necropsies were done on all animals which died or were killed during the study. Animals which died of cardiovascular collapse did so between 12 and 28 weeks of study.
Sections of heart, lungs, liver, kidney, and mammary masses were fixed in 10% neutral buffered formalin. Additional specimens were collected from selected breeder females which died during the experiment and included: skeletal muscle, brain, small intestine, large intestine, ovary, uterus, spleen, lymph node, adrenal gland, thyroid, parathyroid, and bone marrow. Hearts were examined in a fixed state under a dissecting microscope, and the degree and location of myocardial mineralization were noted. Tissues were embedded in paraffin, sectioned at 5 hm, and stained with hematoxylin and eosin (HE). Selected cardiac sections were stained with von Kossa, phosphotungstic acid-hematoxylin, periodic acid-Schiff (PAS), and Masson's trichrome. The severity of the cardiac lesions in histologic longitudinal sections of the left ventricular free wall of hearts of female mice was assessed by determining the percent of the myocardium which was affected by myopathic foci (areas of calcification andlor fibrosis) using a Zeiss Videoplan image analysis system (Carl Zeiss Inc., New York, NY). Results Significant mortality occurred in breeder female mice (Table 2) prior to the development of mammary tumors. The majority of deaths were in the high dietary fat group. Deaths in both groups were unrelated to age or parity. All mice which died were in mid to late lactation and had large litters. Bilateral cardiomegaly, enlarged auricles, and globoid hearts were present in many of the necropsied animals. Myocardial mineralization was severe and seen grossly as small linear white striations scattered randomly throughout the myocardium of the left and right atria and ventricles ( Fig. 1 ). Approximately 10% of the mice had evidence of congestive heart failure with lesions, including pericardial effusion, pulmonary edema, ascites, and hepatosplenomegaly .
Histological examination of tissues from breeder females that died before the end of the study and from those necropsied at the completion of the study revealed similar cardiac findings. Individual animals had a spectrum of degenerative changes which vaned from isolated necrotic myofibers with loss of cross striations to large foci of calcification, necrosis, and fibrosis (Fig.  2 ). Dense collagenous connective tissue which circumscribed the large mineralized foci was sometimes ex- tensive. Small foci of chondroid metaplasia were occasionally present within the fibrocalcific myocardial lesions. Little inflammation was associated with the degenerative lesions in most instances. Occasional neutrophilic infiltrates were scattered in the myocardium of atrial and/or ventricular tissues surrounding myopathic foci. Atrial thrombosis was present in two animals in each dietary study group. One mouse on the high fat diet had ventricular mural thrombosis ( Fig. Lesions were severe in female mice maintained on both experimental diets, but greater myocardial involvement was noted in animals maintained on the high fat diet for 36 weeks (Fig. 4 ). All animals in both dietary study groups were affected with dystrophic cardiac calcinosis (DCC) to some degree. Examination of hearts from the 17 unscheduled deaths in the high dietary fat group did not show any demonstrable effect of age or parity on severity of the cardiac lesions.
Male mice which were necropsied at 40 weeks of age did not have gross evidence of mineralization. Histologic lesions, regardless of the dietary treatment, consisted of small, circumscribed foci of mineralization of individual myofibers, without fibrosis or inflammation ( Fig. 5) . Similar findings were present in a single female animal in the low dietary fat group which was bred, but never pregnant.
Mild lesions were in blood vessels (Figs. 6, 7) , lungs (Fig. 8) , and kidneys ( Henle and proximal tubules. The pulmonary parenchyma had minimal to mild mineralization manifest as calcific bodies within alveolar septa1 walls and alveolar spaces. Males in both diet groups had lesions of renal and pulmonary calcinosis similar to the females, but the changes were variable in incidence and less severe. Renal and pulmonary changes were slightly more severe in animals fed the high fat experimental diet.
Diagnosis
Degenerative cardiac changes similar to those in this report have been termed dystrophic cardiac calcinosis (DCC).6 DCC has been reported in a variety of inbred and hybrid mouse strains, including those with a C3H genetic backgro~nd.~,~ A similar condition is seen in DBA/2 mice and consists of epicardial/myocardial degeneration and calcification, atrial thrombosis, and pericardial calcification. 1 , 1 8 This entity is believed to have an autosomal recessive genetic bask3
Various factors, including age, sex, strain, diet, infectious agents, and hormonal status, are known to affect the severity of murine DCC.6,9 Breeder females of mouse strains with a C3H genetic background have the greatest incidence and severity of DCC lesions. Virginal females usually remain relatively lesion-free until pregnant.6 The present study had a single female animal which did not become pregnant and which showed virtually no myocardial change. This agrees with a previous study which showed that DCC could not be correlated with parity, but was dependent on Fig. 7 . Mineralization of the media in the pulmonary artery in female mouse fed high fat diet. HE. Fig. 8 . Lamellated calcified bodies within alveolar lumina and septa1 walls (arrows). HE.
Although pregnancy is important in the genesis of DCC, administration of exogenous progesterone to virgin C3H females fails to produce the condition.6 Hormones known to induce DCC include cortisone and adrenocorticotropic hormone,I4J5,l9 and both cause myocardial necrosis, which is believed to precede cardiac mineralization. The role of cellular calcium homeostasis in the pathogenesis of necrosis, reviewed by far be^,^ is probably significant in understanding the molecular basis of the DCC lesion. DBA/2 mice, which are genetically predisposed to high endogenous levels of adrenocorticosteroids, may be susceptible to myocardial necrosis and the development of DCC.3 Dietary fat levels affect the incidence and seventy of DCC. Cardiac degenerative lesions have been noted in mice on high fat, low protein diets".21 and in mice fed lipotrophic agents.* Dietary fat may contribute to membrane lipid peroxidative damage and lead to cardiac cell injury, and, ultimately, to calcification; this is supported by the development of fatal myocardial disease in mice that have consumed rancid purified feed containing high levels of lipoperoxides,12 and exacerbation of lesions with vitamin E deficiency.*O Although the occurrence of DCC in mice of C3H genetic background fed a high fat diet is not unusual, the severity of the lesions and the associated high mortality were unexpected. When such losses occur, they may adversely affect interpretation of mammary carcinogenesis studies with C3H mice. C3H/OUJ mice have been used in mammary tumorigenesis studies because they carry the mouse mammary tumor virus (MMTV-S), and the inddence of mammary tumors in breeding females is almost 100°/o by 1 1 months of age.l0 Therefore, studies of the role of dietary lipids in mammary carcinogenesis can also be compromised by DCCinduced deaths.
All fatal cases of DCC in the present study occurred in heavily lactating mice. High calcium requirements of lactation may have played a role in producing cardiac failure, by causing electrolyte changes and influencing myocardial contractility. The occurrence of severe mineralized changes without clinical effects can be explained by lesion location. Sudden deaths probably arise when myopathic foci affect major cardiac conduction pathways, although we do not have evidence to substantiate this hypothesis. Fatal atrial thromboses have been associated with pregnancy and the feeding of high fat diets in mice,5 but these were not a common finding in the present study.
This report demonstrates that dystrophic cardiac calcinosis is a degenerative murine cardiovascular lesion associated with fatal disease in breeder female C3H/OUJ mice fed high fat purified diets. Most previous studies of DCC have noted the entity as an incidental necropsy finding of unknown clinical signifi- cance. Our study demonstrates that under certain nutritional and breeding conditions, DCC can be extremely severe and a cause of high mortality.
The severity of DCC in breeder female mice seen on the 5% fat diet, which is a level commonly used in commercial laboratory animal chows, may have been enhanced by the purified diet. Purified diets very similar to those fed in the present study have been associated with development of cardiac lesions and mortality in mice.8 Awareness of this finding is important for cardiotoxicity and other toxicology studies with mice as experimental subjects.
